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(57) Apparatus and matxxJs for ccrnplothg a wei- 
borsa*ao^c*Msd.Csnainol!hs apparatus and 
odsUManrstpactongassambV(202Xasac^ 
Ing aasambly (204). and a prasaurtzatlon aesornbry 
(206) disposed between fie Irst and second packing 
assembles toptastJealy detorma Bnar(122)hara<*aJy 
o u lw ai d deactton vte hydraulic pressure. Another mstiv 
od uaas a Inar (602) having a fhst aactlon (904) and a 
•econd seeaon (606), and a packing assembly (600). 
The first section (604) isdeforrnable h a radialy outward 
dkactkxi at a lowar prsssure man ths second section 
(006). The packing aesernbry (600) is usad to plastically 
deform lha ilrst section (604) ot tha Iner (602) in a radt* 
ally outward direction via hydraulic pressurs. 
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[0001] The present Invention pertains to the comple- 
tion ol weltxxes. and. more particularly, but not by way 
of limitation, to improved apparatus and methods tor 
completing lateral weHboree in multilateral wells. 
(0002] Horizontal well driifing and production havo be- 
come increasingly important to the ol industry in recent 
years. Whs a horizontal wells have been known lor many 
years, only relatively recently have such wells been de- 
termfced to be a cost-effective alternative to convention- 
al vertical well drifting, Although drilling a horizontal wel 
us ual ry costs more than Its vertical counterpart, a hori- 
zontal wel 1 f requently tnpfoves production by a lactor of 
live, ten, or even twenty In naturaly-tractured reser- 
ve**. Generally, projected picdui^lrcniahonzontal 
weebore must triple that of a vertical wefcore tor ho* 
zontaldrllsigtobe economical. ThieirK*eased produc- 
tion rrfnknteee the number of ptafforms. cutting invest- 
ment and operation costs. Horizontal drilling makes 
reservoirs in urban areas, perm afr os t zones, and deep 
offshore waters more acceesbte. other appteaJlona for 
horizontal weeboree include periphery we Is, thin ressr- 
voire that would require too many vertical weUxxes, and 
reservoirs win coning problems In which a horizontal 
welbore towers the drawdown per foot of reservoir ex- 
posed to slow down oontog problems. 
[0003] Some wenboras contain muWptoweUbores ex- 
tencttng latoraty from the main we Ibore. These aotftkxv 
ai lateral weflbores are sometimes referred to as drain- 
holes, and main writers* rjomaWngmoretocnelat- 
enl wellbore are referred teas muttlateral wells. Murti- 
lateral wees alow an increase In the amount and rata of 
production by increasing the surface area of the wen- 
bore in contact wfth the reservoir. Thus, mutitataral 
wees are becoming increasingly important, bofi from 
the standpotot of new drifting operations and from the 
rewortdng of existing weMbores, including remedial and 
stlmutationwork, 

[00041 A8anJSunofthekwBcpk>girKreasedc*pend- 
ence on and importance of horizontal waits, horizontal 
well completion, and particularly multilateral weH com- 
pletion, have bean important concerns and continue to 
provide a host of rffficusprc«erMtoove#ccn^^ Lateral 
completion, partteutartyat mejunr^betweenthemain 
and lateral welbores. is extremely irnportant to avoid 
coeapse of the welbore in urtccneoHdated or weakly 
consolidated formations. Thus, open hole completions 
are Ihiited to competent rock formations; and, even 
then, open hole completions are inadequate since there 
isBmled control or abifity to access (or reenter the lat- 
eral) or to isolate production zones within the welbore. 
Coupled with this need to complete lateral weRbores is 
the growing desire to maintain the lateral welbore size 
as dose as poesbie to the size of the primary vertical 
wettbore for ease of drilling, completion, and future 
workover. 

[0005] The problem of lateral wellbore (and particu- 



larly multilateral wettbora) completion has been recog- 
nized lor many years, as reflected in the patent litera- 
ture. For example, U.S. Patent No. 4,607,704 discloses 
a system for completing multiple lateral weHbores using 

5 a dual packer and a deflective guide member U.S. Pat- 
ent No. 2.797.693 discloses a method tor completing lat- 
eral wells using a tlexbie liner and deflecting tool. U.S. 
Patent No. 2,397.070 similarly describes lateral wen- 
bore completion using flexible casing together with a 

io closure shield kx ctoaing ofl the lateral In U.S. Patent 
No. 2.858,107. a removable wWpstock assembly pro- 
vides a means lor locating (e.g. accessing)* lateral sub- 
sequent to completion hereof. U.S. Patent Nos. 
4.396.075; 4.415.205; 4.444,276; and 4,573.541 all re- 

15 late generatty to methods and devices for mutBateraJ 
conpfetions usJngatanxxalaatubagui* 
patents of general Werest In tie Md e* horizontal wel 
(xmpieuon include U.S. Patent Nos. 2.452*20 and 
4,402.551. 

20 rpooei More recently. U.S. Patent Nos. 5,318,122; 
5,353,676; 5,388.648; and 6,520.252 have dtocbsed 
methods and apparatus for sealing the Juncture be- 
tween a vertical wel and one or more horizontal wels. 
In addition. U.S. Patent No. 5.564.503 cSsctosee several 

26 methods and systems for dri»rigandcomp*^ir^ 
Herat wells. Furthermore, U.S. Patent Nos. 5.566.763 
and 5.613,559 both tfscloee decentralizing, centralz- 
hg, locating, and orienting apparatus and methods for 
multilateral wel driling and completion. 

so (0007] NotvWtistanoIng the above-described efforts 
toward obtainhgccct-eflecuVe and workable IsteraJ wel 
cMlirigendcxxTiplstx^^ 

apparatus and methods for completing lateral wee- 
boree. Toward this end, there also remaine a need to 
js ixraase the eoonorny in lateral sjiNbora completions, 
such as. for example, by rnWmWng the number of 
downhole trtos necessary to dr» and complete a lateral 
welbore. 

[0006] The invention relates to apparatus andmeth- 
40 oo^lc<cornpletingaweltoore.lnor^prefen^a 
knent the apparatus and methods use a first packing as- 
sembiy, a eecond packing assembly, and a pressuriza- 
tton assembly deposed between tie first and second 
pactung assemblies to plastically deform a ener in a ra- 
45 rjally outward direction via hydraulic pressure. Another 
preferred eroboc*nent usee a aner rawing a first section 
and a second section, and a packing assembly. The first 
section Is deformable in a radtaBy outward direction at 
a lower pressure than the second section. The packing 
so aaaernbly is used to piaster 

of *e Hner h a radiaHy outward direction via hydraulic 
pressure. 

[0009] Oieaspectofthepreeemirwentk* 
a completion apparatus for coupling toawork string and 
55 tor use within a Uner of a weltxxe. The completion ap- 
paratus includes a first packing assembly for creating a 
fluid tight seal against e liner in a welbore; a second 
packing assembly for creating a second fluid tight seal 
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against the line*; and a pressurization assembly dis- 
posed between the first and aacond packing assem- 
blies. 

(001 q In another aspect the present Invention conv 
prises a method of completing a welbore. A liner le dte- 
posed In a walbora. A first packing assembly, a pres- 
surizaUon assembly, and a second packing assembly 
are coupled to a work string. The work string is run into 
the finer. A fluid tight seal is created between tie first 
packs* assembly and the Iner, and a fluid tight seat is 
created between tie second packing assembly and the 
liner. Fluid is pumped down the work string to the ores* 
sunzaaon assembly. The prassunzation assembly and 
fluid are utifeod to pressurize an annulue defined by the 
pressurization aasembly, the Iner. the first pecking as* 
sernb*. and the second packing assembly. The pros- 
eta*tit»enmja»si tieraeaadaoaatooaft^thefriec 
in a racSaty outward direction. 
(0011) In a further aspect the preeent invention conv 
priseeamefwdofoorrsilet^ 
vided having a first section and a second sectioa The 
first section it oeformabte in a radiaJlyoutwaid direction 
at a tower pressure than the second section. The finer 
isdfeposed hawesoors. A packing assembly is coupled 
tot work string, and tw work string a run into the liner. 
A fluid tight seal is created between the packing assem- 
bly and the (feet Fluid is pumped down the work string 
to pressurize an interior oftta finer after the packing as- 
sembly. The pressure in the interior of the Iner a t> 
creased so as to deform the first section of tw liner in 
a racSafiy outward direction. 
|0012] Reference is now made to the accompanying 
arawengs, si meorc 

FtQ. 1 aaschamatfc, cross sx ti oneJ view of a por- 
tion of a muiiataral wal kx»uc*ig a Junction be- 
tween the man welbore and a lateral wesbore; 
FIG. 2 is a schematic, cross-sectional view of FIG. 
1 showing a portion of the sealing operation per- 
tormed durfcg cornpletion of the lateral wefibore; 
FIG. 3 is an enlarged, schematic, cross-sectional, 
fragmentary view of the junction of FIG. 1 showing 
a schematic view of a first embedment of an appa- 
ratus for completing the Junction according to the 
peasant invention; 

FIG. 4 Is an enlarged, schematic, cross-sectional 
view of a first embodiment of a packing assembly 
of the completion apparatus of FIG. 3; 
FIG. S is an enlarged, schematic, cross-sectional, 
view of a aacond embodiment of a packing assem- 
bly of the completion apparatus of FIG. 3; 
FIG. 6 is an enlarged, schematic, cross-sectional 
view of a or essurfeation assembly of the completion 
apparatus of FIG. 3; 

RG. 7 la an enlarged, schematic, top sectional view 
of an alternative embodiment of a lateral liner used 
in connection with the present invention; 
RG. 8 is an enlarged, schematic, cross-sectional. 



fragmentary view of the junction of RG. t showing 
a schematic view of a second embodiment of a 
packing assembly and a Hner for completing the 
junction according to the present invention; 
5 FIG. 9A is an enlarged, schematic, cross-sectional, 
fragmentary view a first embedment of the Iner of 
FIG. 8; 

FIG. 96 is an enlarged, schematic, croas-eectional, 
fragmentary view of a second embodiment of the 
io Hnar of FIG. B; and 

FIG. 10 is an entaxged. schematic, top sectional 
view of s second alernative embodiment ot a lateral 
Oner used in connection with the present Invention. 

" (0019) The preferred smbodimenU of the present in- 
vention and trw*aoVanlao^^ 
fening to FIGS. 1-10of thecVawlngs, fike numerals be- 
ing used for Ifcs and corresponding ports of the various 
drawing*. Inaccc*danc«wtot»rxseem 

zo iousa|)paraiusendfr«ho* 

boras in a mutitatscel wal are cfceort^ ft w« ba ap- 
preciated that the terms 'main- or 'primary* aa used 
rierenrefertoamahwellorweObore. whether the main 
well or welbore ie substantisJy vertical substantially 

* hortaonu* or w between. Itwilak^ 

the term Tateral* as used herein refere to a deviation 
wed or welbore from the main wel or weHbore, or an- 
other latsral wed or welbore. whether the deviation le 
substantially vertical, suUtantiasy honzontal, or in be- 
ao tween. It wM further be appreciated that the term Verti- 
caT as used herein refers to a substarrtJally vertical wa« 
or weltoore, and thai tw term 
nreferstoasubetsntiaJh/horizorv^ 
[0014] totoa*m*pMem»dldimno m idconi*HnQ 

* atatsralws s bo r einaffiuMlatara^ 

eraJ steps are performed. First, the main wseboro is 
drflteoXandtrwrra^welboroca 
mented into place. Once the desired location for a junc- 
tion Is lo»nuTleo\ a wtickav le th^ 

40 welbore casing using an orientation device, a multilat- 
eral packer, a hoaow wNpetock. and a series of mils. 
Next, the lateral westers is drissd. and a Iner ie dw- 
posed In the lateral wefbore and cemented into place. 
A mil le then used to drill through any cement pfug at 

4S the top of the hoaow whlpetock and any portion of the 
lateral weibom iher extending into the main wefibore to 
reestablish a fluid communicating bore through the mah 
welbore. Finally, in some lateral wefboree, a window 
bushing is disposed within the main walbora casing, the 

so holtow whlpstock. and the mutiateral packet The win- 
dow bushing facilitates the navigation of downhole tods 
through the junction between the man welbore and the 
lateral wefbore. 

[0016] The preeant invention ie related to a porttonof 
55 the above-oascribed process, namely the completion of 
the junction between the main welbore and a lateral 
welbore. However, as described above, certain other 
steps are performed before such a junction may be com- 
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plated Referring now to FIG. 1. an exemplary junction 
1 00 between a main welbor e 1 02 and a lateral weHbore 
104 * ilustrated. Main welbor e 102 is drilled using con- 
ventional techniques. A main welbore casing 106 is in- 
stalled to main weHbore 10Z and cement 106 is de- 
posed between main weHbore 102 and main watbore 
casing 106. using conventional techniques. 
[0016] Ashearatolaworlcstringhavingawlndowbusr^ 
ing tocattog profile 110, an orientation nipple 11 2. a mul- 
tilateral packer assembly 114, a noflow whipstock 118. 
and a starter mrl pilot lug (not shown) is run into main 
welbore casing 106. Certain portions of such a work 
ttnVig are more fully disclosed In U.S. Patent Nos. 
5.613.559; 5*66.763; and 5*01,281. The work string 
is located at the proper depth and onetttallonwithhmain 
wettore casing 106 using conventional pipe taiy and/ 
orgaitw«faysunreyelcrdspmandiiise^ 
drilt>g(lwWD)atetitatiw 

114 (seat against matnwattore casing 106 ueJngeflpe. 
packing elsmsnte. and cowertio^ 
leal, or hydrauio and mechanical eettlrigteohnlqoes. 
[0017] Using techniquea more completely descrtoed 
In the ebove-refsfenced U.S. Patent Nos. 5.613.659; 
5.566.763; and 5,501,281. whipstock 116 Is used to 
guide work strings supporting a variety of took and 
equipment to drM and complete tatarat wel bora 104. 
Pint a series of mils, such as a starter mil a wMow 
mitt, and a watermelon mW are used to create a window 
120 to main wel bore casing 106. Next, a drilling motor 
(a uaed to dni lateral welbore 104 from window 120. A 
lateral welbore inar 122 is tien disposed within lateral 
weeoore 104. and eaatant 124 is disposed between lat- 
eral we«xxa 104 and Iner 122. 
(OOiq More epednca*/ regarding the steps of di^ 
poe^andsaaisigir»ef12ZUw122preferao^ 
genera*/ cyMrieaJ axfal bora and a genera* cylndrt- 
cal external surtacs. Uner 122 is preferably made from 
steel, steel aloyt. plastic, or other materials convention- 
ally used for lateral liners. A work string 128 having a 
liner hangar 130, wiper plugs 132and 133, and finer 122 
re run down main weHbore casing 106 untlHper122is 
deflected by riosow whipstock 118. This defleolion caus- 
es liner 122 to bada^osad In lateral welbore 104 and 
function 1 00. Uw hanger 1 30 and wiper plugs 1 32 and 
133 remain disposed above window 120. Lew hanger 
1 30 Is Hen set against main welbore casing 106 using 
conventional techniquea. 

(0010] Rsf erring to FIGS. 1 and 2. cementing of lateral 
welbore 104 may be accomplished by either one or two- 
etage cemanttig depending on the length of weHbore 
104. TypfcaOy, the length of lateral welbore 104 is such 
that two stage cementing » preferred. In a two-stage 
cementing operation. finer 122teaquippadwithastage 
corneri ng tool 138. Stage cementing tool 136 is initially 
in a first position that allows fluid convnunication within 
Iner 122 past tool 138. but does not allow HuU commu- 
nication from liner 122 into the annukis between liner 
122 and lateral welbore 104. A first stage of cement 



124a is pumped down dril string 128 and out a tower 
end 1 36 of liner 122. First stage of cement 124a is pref- 
erably a conventional cement or rxnvantlonal hardena- 
ble resin. Next, a conventional wiper dart (not shown) Is 

* pumped down drirlslrtog 128 to land at wiper plugs 132 
and 1 33. After landing, applied pressure releases wiper 
plug 1 32 and allows it to be pumped down to. and seal 
off. tower end 136 of liner 122. Tr^(*epiacernerrt of wip- 
er plug 132 causes first stage of cement 124a to flow 

ic mroughout the anrtukie between Iner 122 and Isteral 
welbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be obeerved top hole by con- 
ventional pressure measuring devices upon the lendftg 
of wiper plug 132 h tower end 136. 

is (0020) Continued appUcadon of pressure moves 
stag* cementing loot 138 to a second poeWon te* pre- 
ventoflutocomnimicatkM 

meriting tool 1 36. but asowe ftuto commur*a*ion from 
finer 122 Wo the anrtutoe between iner 122 and lateral 
to welbore 104. A second stage of lesJartt 124b is than 
pumped down dril string 128 and into finer 122. Next, a 
second wiper dart (not shown) Is pumped down drM 
string 128 to land at wiper plug 133l After landhg. ap- 
plied preesure releases wlpar 0^ 
t* beptjrnpeddownto.andeeaioff.lnw 

meriting tool 138. This de^laceraart d wjper pkig 133 
causae second stage of sealant 124b to ftow through 
stage cementing tool 138 and Into tie annukre between 
lateral welbore 104. main walbora ce^106\ and Iner 

X i22uptoatopportionl34denef 122.po^ 

ant 124b throughout Junction 100. Onoawiper ptog 133 

lafideatsiagecamentinoto^ 

of pressure movea stage ceirienungiDd ISBtoathkd 

postJoa preventing further circulation or backftow of 

u eeaJant124b. 

(0021] Sealant 1 24b is preferably a spedetoed mu*- 
tBatoral Junction cerr^rrtluoue eeaJar*. or a apedaBzed 
multilateral Junction elastomerte se al a nt . A preferred ax- 
ample of such a camanttious sealant is M-SEAlAsoU 

40 by Malburton Energy Services of Canolaon. Texas. 
Such eementftJous sealants are characterized by rela- 
tively tow ductility and high compressors strength, as 
cornpered to such elastomerte sealants. A praf erred ex- 
ampte of euch an etastomeric sealant la FUEX-CEMO 

u eold by Haetourton Energy Servicee of C*nt>«on f Tex- 
as. SucheeutomerteeeeJantoaradae^ 
atively high ductility and low oompreeelve strength, as 
compared to euch cementittoue seafemta. Memathrely. 
corwentlonal cement oracortvenuc^ 

so may boused as second stage sealant 124b. 

[0022] fWerringnowtoFIG. 3. an enlarged, echamat- 
ic, crce*-eectionaJ, view of a complelton apparatus 200 
accordng toa first, prelerred enxxxMment of the present 
invention ie shown disposed within junction 100. Com- 

66 ptetion apparatus 200 preferably comprises a hosow 
mandrel having a tower pacldngasaanibly 202. an upper 
pactong assembly 204. and a presaurization assembly 
206. Completion apparatus 200 is preferably coupled to 
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work strhg 1 28 above a supporting mandrel 1 40 lor wip- 
er plugs 132 and 133. and tower pocking aeeembty 202, 
upper packing aaaamWy 204. and pressurization as- 
sembly 206 are preferably coupled to each other by tool 
jotots or other conventional means (not shown). Al- 
though not shown In RGS. 1 and 2 tor clarity of Illustra- 
tion, liier 1 22 is preferably formed with a no-go shoutoof 
1 42 and an annular polished bore receptacle 144 betow 
no-go shoulder 142. 

{0023) As shown in FIGS. 3 and 4. lower packing as- 
sembly 202 preferably Includes a seal assembly 205. 
and a no-go sleeve 207 tor mating wfth rio-go shoulder 
1 42 of frier 1 22. Seal asaamb ly 205 preferably comorls- 
eeaptorafityof anriuiar seating elements 206. such as 
cpwentkMrio^topeorpoclttn^ 
spacer member 210. both of which are olsposadwtWn 
ananmasrrs<^212ont>eeKtsmeJsuntoc<towsf 
packJng aee o rrfr ly 202. Seeing elsn^2» 

— » pofished bore recaptade 144. which Is located 



on trtotorwcSameterof Iner 122 end peneraly sur- 
rounds annular recess 212. Pcashed bore receptee* 
144 cooperates win annular saalng elements 206 to 
creetoetuttJJghtseai 

{00941 Attematrvety, as shown h RGS. 3 and 5, tower 

poddng assembly 202 may comprise a comrerrttanaJ 

packer 220 havtog sips 22£ packing elemenU 224,^ 

actuating means 226. Packer 220 may be hydrauScaly, 

mectianicaly, or hydras 

actuattig riwm 226 ao that paclung eleme^ 

ate a fluid tight seal against Iner 122. As shown in FIG. 

5. whencoiverittonaf pacluK220 

tngacsembJy 202. sner 122 may be tormed wthout no- 

go shoulder 142. V desired. 

[BBS] Upper peelong assembly 204 preferably hat a 
substantia* sirniar etructiira to toww pex^ assem- 
My 202. If seaf assembly 205 Is utftaod for tower packing 
assembly 202. upper packing assernMy 2M preferably 
utilizes a similar see^eesembry that mates wtlh a poJ- 
Ished bore receptacle located on the inner diameter of 
liner 122 below sner hanger 130. If packer 220 is used 
tor tower packing assembly 202. upper packing assenv 
My 204 preferably utHzes a similar packer designed to 
operate wrthb the toner rJametar of Hner 122 praodmate 
Rner hanger 1 90. However, as shown in RQ. 3, upper 
packing assembly 204 does not require a noop sleeve. 
[0026] Referring now to RGS. 3 end 6, en enlarged, 
schematic, cross-eecttonal view of pressurbatlon as- 
sembly 206 Is illustrated. Pressurization assembly 206 
preferably comprises an a tower sub 250. an upper sub 
252 removabry coupled to tower sub 250. and a sealing 
sub 254 disposed wtmh tower sub 250. 
[0027] Lower sub 250 preferably hductos internally 

municatingpath between an axial bore 258 of tower sub 
250andanannufus 146 (FIG. 3) defined by an external 
surface 260 of pressurization assembly 206. an internal 
surface of liner 1 22. tower packing assembly 202. and 
upper packing assembly 204. Conventional rupture 



disks 262a and 262b are preferably rernovaWy con- 
tained * pc^ 256e end 256b. reepective^ con- 
tained to ports 256a and 256b, rupture disks 262a and 
262b creal e a flu id tight seal between tie interior ofpres- 

5 surtzation assembly 206 and annulus 146. A prefened 
rupture disk for rupture disks 262a and 262b is the disk 
sold by Oklahoma Safety Equipment Company (OS- 
ECO) of Broken Arrow. Oklahoma. 
(0028] Although not shown In FIG. 6, other conven- 

io tional fluid bypass devices other than a rupture disk, 
such as a beJ drop circulating valve, an internal pres- 
sure operated circulating vafve. or other conventional 
circulating vaVe may be operativety coupled wHh porta 
256a and 256b. A preferred internal pressure operated 

is dr«jlattogvM«ls**iro^ 

Bburton Energy Services of Carrctton, Texas. Ad of 
tieeoluttbypaea devices, Irriudlng rupture olsks 262a 
and 262b, have a first mods of ojxsratkw fiat doea not 
afiow fluid to tow through ports 256a and 256b Into an- 

io nut* 146. and a sooendmodeof operation that slows 
fluid to ftowtvoufih ports 256a and 256b titoerwulus 

14a 

[0029] Lower sub 250 also preferably includes porta 
264a and 264b. Each of ports 264a and 264b provide a 
zs fluid cenvnunicating path between the interior of pres- 
surtzatton assembly 206 and annutut 1 46. AxW bore 
256 preferaMy riaaanannufarafioutte 
267 disposed above ports 264a and 264b. 
lOOKq SeeJtog sub 254 preferably Include 
so tor supporting member2G6 and an ennular. elastomer* 
sleeve 266 coupled to a bwer end of supporung mem- 
ber 266. Sleeve 268 is preferably aAeeAwlyooupledto 
supporting member 296 along aporttaiZ70ai>dehoul- 
der 272 of support member 266. When coupled togetv 
* er.«jpporttigiTSjn*sr2b*^ 

extol bore 274 and an external surface 276. External 
surface 276 has an annular recess 278 pradnnate ports 
264a and 264b; e shoulder 280 tor rnetlngwflh shoulder 
265 of tower sub 250. and an annular slot 282 above 
40 annular recess 27a An o-ring 264 ie disposed in slot 
202 and creates a fluid tight seal between seeing sub 
254 and tower sub 250. In as unowftoctod position, as 
shown In FIG. 6. a tower end 286 of sleeve 268 creates 
a fluid tight seal against extol bore 258 of tower sub 250. 
45 pent] Upper sub 252 preferably includes an axial 
bore 2B8. an external surface 290. and a tower end 292. 
External surface 290 preferably Includes an armtfar 
shouWer2O4formattogwW)towsrsub250.anannutar 
slot 296. and threads 296 tor removably engaging 
so threads 267 of tower sub 250. An o-ring300 is disposed 
within annular slot 296 to create a fluid tight seel be- 
tween tower sub 250 and upper sub 252. Lower end 292 
abuts support member 266 of seeing sub 254. 
[0032) Havtogdescrtoedtto structured 
ss apparatus 200. the operation of completion apparatus 
200 so as tocornptote junction iWw« now be described 
in greater detail. Referring to FIGS. 1-6 in combination, 
after wiper plug 133 is landed at and seals off. stage 
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cementing tool 1 38. work string 1 28 to pulled above top 
portion 134 of liner 122. Excess toalant within work 
string 128 and above top portion 134 ot finer 122 is then 
circulated out of thaws*. 

(0033] Next work string 128 is run into liner 1 22 untl 
no-go sleeve 207 of lower packing assembly 202 con- 
lacts no-go shoulder 142 ol liner 122. At this point, a 
fluid tight seal » created between seal assembly 205 of 
lower packing assembly 202 and polished bore recep- 
tacle 144 of mar 1 22. Alternatively, if packor 220 b uti- 
lized at lower packing assembly 202. packer 220 beet 
to create a fluid tipjit seal against Bner 122. Abo at thb 
point, afluid tigjrt seal le created between upper packing 
assembly 204 and iner 122 in a manner substantialy 
timibr to that deecribed IrrxneoTateJy above tor tower 
packing assamWy 202. Nc-goshouWer 142 of bier 122 
b positioned wttito (store* wsfbore 104 so that tower 
packing assembly 202 b located betow window 12a 
end eo that upper packing assembly 204 b located 
above window 120. wXhin junction 100. 
[00»4] When lower packing assembly 202anduppor 
packing assembly 204 use seal assamblios 205. the 
pra^oontrwc^gmua\walef,orc<herfluidakeaoV 
within annutos 146 vfl Increase as tower packing as- 
eembly 202 and upper peeking assembly 204 saal 
against Wm 122. Before no-go sleeve 207 engages no- 
go shoulder 142, such an increase In pressure. eppBed 
across me cfflerential ar«s of tow* packing assembly 
202 and upper packing assembly 204. may caueeaby- 
draunc lock affect preventing further Insertion of work 
tiring 128 Into iner 122. Inaddston. when kmer packing 
assembly 202 and upper packing assembly 204 use 
oonventtonat packers 220, asirriiarhydraultetockelect 
may create problems tor conventional packers 220 that 

[0035] \towever.euch en Increase to 
Usved by seaitog tub 254 of prsssurtzatton assembly 
206totrwfolovnVigmanner.Ou«tomelncn^ 
sure, fluid enters ports 264a and 264b tothe point where 
It fifb annular recess 27a The pressure In annutar re- 
cess 278 builds to the point where tower end 286 of ebs- 
tomeric sleeve 268 temporarily deflects InwarrJy. un- 
seating from axial bora 258 of tower eub 250. Such un- 
seaieig alows fluid to flow from annuter recess 278 Into 
the interior of preeeurteatton aeeernbly 206. reduchg the 
pressure in annufue 146 and eliminating the above-de- 
scribed hydraulic tock problems, 
rat 35] Next a fluid tight seeJb created proximate the 
and of work string 128 betow towar packing essembly 
202. Such a fluid tight seal b preferably formed using a 
wire-fine plug, by pumping a plug down work string 128, 
or otrwrccfwenttonaJtectwiques. Aprelerredplug bthe 
X4ock6 Plug sold by Half burton Energy Services of 
CarroWton, Texas. 

(0037] Next, a fluid such as wstsr or drilling mud b 
pumped down work string 128. Due to the fluid tight seal 
created by the plug at the end work string 1 28. the pres- 
sure within prossurizatton assembly 206 is increased to 



the point where rupture disks 262a and 262b rupture. 
The rupturtog of rupture dbki 262a and 262b places the 
htertor of pressurizatton assembly 206 in fluid commu- 
nication with amulue 146 vb porta 256a and 256b. Al- 
5 tamauvety. if a fluid bypass device other than rupture 
disks are ulifized, such pressurizatton causae the fluid 
bypass device to enter its second mode of operation that 
aJtows fluid to flow through ports 256a and 256b to an- 
nulus 146. 

10 [0098) Next, the pressure wtthin work string 12a and 
tout arwuJus 146. is preferably continuously and grad- 
ually increased eo as to ptasticaly deform the portion of 
Iner 122 between lower packing assemo^ 
per packtog assembly 204 raojafly ojtwajdlewi win- 
is dow120.inBJnwe*x^ces*ig106,e^ 
104.liw5Ibeapprecttedti*^^ 
or conventional cement b used tor sealant 124 proxi- 
mate junction 100, such deformation of iner 122 must 
occur before the csnwrttltous ssatanl or csrnent hard- 
20 arts. However, tfmelastoinsncseaJa^ 

ant 124 p^sornate Junction 100. such defevmatton may 
occur before, or after, the elastomeric sealant hardens 
due to the ductility of the sealant 
[0039] Such defcxrnatton of liner 122 provides signif- 
26 kOTtacVantagestothocxxnplottontf 

as snar 122 b deformed radfetty outward. sealant 124 
in the portion of tie annulus between finer 122, main 
wetfcore eastog 106. and lateral weSbore 104 within 
Junction 1(»b placed nccmpnmton. Such cornpres- 
so eion provides a higher pr^^ 

during subsequent completion or preoXiction operations 
to the mukibteral welL 

100401 SaccrxJ. because wrKkwr120bcbfrwd by me 
Nersectton of cylindrical main wefiborecaeing106and 

9$ generaty cyttodncal lateral wsfcore 104, window 120 
rv« a generally elfcxicei srv^, with a axb gen- 
eraty parasel to the tongftudtoal axb of main wellbore 
casing 106. Therstore, the outward deformation of Hner 
122 works to dose the joints or gaps between liner 122 

40 and window 120 present at the top and bottom of win- 
dow 120. Such joint closure in turn minimizes leak paths, 
and thus leaks, wHhin junction 100. In situations where 
tteojtwerdc*fomv*icno< 

to metal contact of Iner 1 22 and window 120, it b pref- 
45 enx^ to use a raWaced sner 122 to insure that any 
jagged or sharp edges on window 1 20 do not please liner 
122. 

most] Thro; the outward deformation of finer 122 in- 
creases the inner diameter of liner 1 22. This Increase in 

so nner diameter resuRsinalargwftowrjalhfwpetn^um 
from lateral welbore 104. increasing the prorJuetMty of 
tie well. Thb increase in hner diameter also results h 
a farger clearance for downhob toob to enter and exit 
lateral weBbore 104 during subsequent completion or 

55 production operations. 

[0042] It will bo appreclaied twt after liner 122 has 
been deformed radialV outward via hydraulic pressure 
as described hereinabove, a second work string with a 
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sizing mandrtt may optional? be run down main well- 
bore casing 106 and through junction 100 to insure ad- 
equate deformation of finer 122. 
[0043) Referring now to FIG. 7, an enlarged, schemat- 
ic, top sectional view of an atemate lateral liner 122a 
that may be used in connection with completion appa- 
ratus 200 is iBustrated. Lateral liner 1 22a is formed with 
a grooved htemaJ surface 500 and a grooved external 
surface 502. Liner 122a thus preferably has a cross-sec- 
tion 604 resembling a bellows. The geometry of grooved 
surfaces 500 and 502 facilitate the outward deformation 
of liner 122a at lower pressures. A lower pressure re- 
oukement for the outward deformation of finer 122a in 
turn reduces the risk of fafture of the seals created by 
lower pej^assarnbr/202and upper pad^assom- 
bryaM.toadrJlton.aaccxiipe/edto 
•rally cytoonce) cr o ss se ct i o n, Iner 122a provides a 
targor, expanded outer diameter from a srnaaer. unde- 
formed, run in outer diameter. As shown In FIG. 7. 
grooved surfaces 500 and 502 preferably comprise 
grooves having a 'stousoktof* cross-section. However, 
grooved surfaces 500 end 502 may aftematfcery com- 
prise grooves having a *eaw tooth*, •square tooth', or 
other cross-sectional geometry. In addWcn, preferably 
onfy the portion of liner 122a between lower packing as- 
sembly 202 and upper packing assernbry 204 is formed 
with grooved external surface 502. and the remainder 
of finer 122a is formed with a generally cylindrical exter- 
nal surface. 

(00441 Referring now to HQ. 8, an enlarged, schemat- 
ic, cross-sectkx^ view of a pac^ 
a ther 602 eccoroTng to a second, preferred embodi- 
mant of the present Invention are shown dspceedwlhin 
junction 100. Packing eeeerr*^ 600 is preferee* cou- 
pled to work string 128 above aupportirig mandrel 140, 
aridpaddngaasefT^600ctefefBbV 
V identical structure to upper packing assembly 204 of 
completion apparatus 200. Uner 602 Is preferably com- 
prised of an upper section 604. a tower section 606. and 
a tool Jott or other conventional coupling mechanism 
606 coupling upper section 604 and lower section 606. 
Alternatively, finer 602 can be machined to have upper 
section 604 and tower section 606, without the need tor 
a coupling mechanism 606. 

[0046] H seal assembly 205 is utilized tor pacidngas- 
sembfy 600. finer 602 preferably includes a pofished 
bore receptacle 610 located on the inner diameter of fin- 
er 602 below finer hanger 130. If packer 220 ie used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired 
[0046] As shown in FIG. 9A, upper section 604 and 
tower section 606 are made from the same material or 
casing grade. By way of illustration only, both upper sec- 
tion 604 and lower section 606 may be made of casing 
grade API N-80, which has a yield strength of approxi- 
mately 80,000 psi (552 MPS). Upper section 604 pref- 
erably has a generally cylindrical axial bore 610 and a 
generally cylindrical external surface 61 2. Lowersecllon 



606 preferably has a generally cylindrical extol bore 614 
a generafly cyfindrical external surface 616. However, 
upper section 604 has a wall thickness 618 smaler than 
a wal thickness 620 of lower section 606. 
5 10047) As shown to Fia 9* upper section 604a ^ 
erably has a gone rally cytindricaJ axial bore 610a and a 
generafly cylindrical external surface 612a Lower sec 
tjc>n6<>6arvaaapeneraly^ axial bore 614a a 
generally cylindrical external surface 616a. Upper soc- 
io tjc*604ahaaawafiWck^ 

ticaJ to a was Wckness 620a of tower section 606a 
However, upper section 604a and tower section 606a 
are made from different materials or casing grades. 
More epecftcaHy. upper section 604a ie rnade Irom a 

By way of Mustratfan only, upper section 604a may be 
made from caetag grade API K 55, which haaayWd 
strength of approximately 55.000 psi (379 MPs), and 
20 tower section G06a may be mode of casing grade API 
N-80. which has a yield etrengti of eoprojrjnratery 
80.000 pel (552 MPa). 

(00461 In FIG. 9A. upper section 604 may also be 
rnaoefromariasiriggradsrtfn^ 
i* M mo eeefeg grade iised to make tower eection606. 
Although not shown In FIG. 9B, upper section 604a may 
also be formed wtti a ernater wan mlcknese618athan 
wall Sickness 620a of tower section 606a. 
(00461 ntobeesvedthatbyvarytogthewrf 
so arto^castoggradeofiaapereectkmW 

wall trwcfcnes* andtor casing gwtorfkww section 606, 
as ceecribed heretoabove. the oeslp* ol liner 602 iney 
becpfjnfcedsofxstforagiven intemaJpreeejim. upper 
section 604 c4esUca#y deforms m e radssly outward o> 

m reckon, andlowsjrasjcti^ 
Ual radtol oeformatton. 
(00601 Having oeecribed the structured 
sembty 600 and Iner 602, the operation of these appa- 
ratus so as to complete junction 100 wW now be de- 

so scrtoedtogreatero^Lr^errlngtoRGS.1.2.4.5,6. 
9A. and 9B m cornbtoatlon, after wiper plug 133 Is land- 
ed at and seals off, stage cementing tool 136. work 
string 128 ie pulled above top portion 134 ot Uner 602. 
Excess sealant withto work string 128 and above lop 

45 portion 134 of liner 602 is trien circulated out of the wei. 
(0051) Next, worketring 128 is run into Iner602untl 
seal assembly 205 of pacting assembly 600 createe a 
fluid tight seal against polished bore receptacle 610 of 
liner 602. An increase In pressurs maybeobeervedtop 

so hole by ccrwentionai pressure measuring devices when 
sea) assembly 205 Is property seated against polished 
bore receptacle 610. Aft amatively. If packer 220isUi- 
S2«dw packing asswT^ry60X).r^er 220 is set to cre- 
ate a fluid tight seal against Uner 602 below finer hangar 

« 130. 

(0062) Next, a fluid such as water or dritthg mud is 
pumped down workstring 128. Due to the flukJtight seal 
created by packing assembly 600 against liner 602. fluid 
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eventual*/ fills all of ener 602 below packing assembly 
600 down to wiper plug 1 33 sealed in «tage cementing 
tool 196. The pressure within work string 128. and thus 
linsr 602, Is prsfarabfy continuously and greduafly in- 
creased so as to plastically deform upper saction 604 
radtafty outward toward winobw 120, the pc^tf main 
weObore casing 106 proximate window 120, and the por- 
tion of lateral weBbore 104 proximate window 120. As 
the deformation o< upper section 604 occur*, tower sec- 
tion 606 preferably does not exhibit substantial radial 
deformation. 

[0063] Such deformation of upper section 604 pro- 
vides substantially the same, significant advantages in 
the completion of Junction 100 as deecribed heretv 
above tor completion apparatus 200. In addKton. upper 
eectione04maybefonr>edwr*ane 
•fender to grooved external surface 602 of Ra T.Hde- 
elred 

(0064) Referring now to na 10, en enlarged, eche- 
matfc. top sectional view of an atemale lateral aner 700 
that may be used h connection with completion oppe- 
ratus 200, or m the upper section 604 of Iner 602, Is 
lluetrateet Uner 700 ha* an interior crcee-eeceun 702 
made t rem steal, steel attoye, plastic, or other patter** 
non-elaetomertemeJ*reilscorivert 
at Itiare. Interior cro aee e ct lo n 702 haa an axial bore 
704. Uner700furlherhaeen exterior cross secti on 706 
made from rubber or another convarrttoruJ elastomerlc 
material When lew 700 is surrounded by sealant 124 
and plastically deformed as descrfced bereireibcve, ex- 
terior cross-section 706 Insures an adequate seal c* 
junction 100. Alternatively, finer 700 may be plastically 
deforrnedaeefcecribedherei^^ 
of eeoJent 124 In certain completlone. In sucheomple- 
Hone, exterior qooa-oectton 706 saoleoa * a g e * * win- 
dow 120, rnatiwelbore casing 106. andhteraJwrttoora 
104. 

(00551 From the above, one skilled in the art wll ap- 
preciate that the present Invention provides improved 
apparatus and methods for oomplsting wellborn* The 
present Invention provides such Improved completion 
without inhtorrjng the amount or rale of wsl procuctJon, 
or substantially increasing the coat or complexity of the 
completion of the weJtoora. Slg^slrantJy. me present 
vention eJtowe me operations of running a lateral Iher, 
eealtag a lateral liner, and pleaticefty dstormsig a lateral 
ujm, to be acoornpHehed m a single downhote tnp. The 
apparatus and methods of the present invention are 
economical to manufacture and use in a variety* oowr> 
hole applic a tio n s. 

[0066] The present invention is ilustrated herein by 
example, and var loua modtatk^rnaytiernadeby a 
paraon of ordinary akM m the art. For example, numer- 
ous geometries anoVor relative dimensions could be al- 
tered to acconvnodate specific applications of tie 
present invention. As another example, aBhough the 
present invention has been described m connection with 
the completion of a junction between a main weBbore 



and a lateral weflboro in a multilateral well, it is fuHyap- 
pfcable tothe cornpletion of ajunction between a lateral 
weUbors and a second lateral weUboro extending from 
Ihe lateral weBbore, to cornpletion operations performed 
5 homer portions of a lateral wellxxaotrwthansucha 
junction, to cornpletion operatlona performed In other 
portions of a main welbore. to casing repair operations, 
or to w indow closures. 

[0067] It Is thus beloved thai the operation arto con- 
re ttruction of the present invention wll be apparent from 
the foregoing description. Whle the method and appa- 
ratus shown or efcecribed haa been cru*aeterteeda*be- 
hg preferred H wfl be obvtoue that various changes and 
rnodifcattons may be made. 

Ctekne 

1. Aoornplettonepparatuetoroc)up«^ 

so (i2B)erKltorusewtlhlnallner(122)ofawes^ore t 
ocn>>nalng:afir»tpeddngeaeemb^ 
ring a fluid tight seal against tie finer (122* a 
ond packing aaeembly (204) for aeeling a second 
fluid tight seal against tie finer (122); and a pres- 

ts surixatlon saeernbty (206) dtepoeed between the 
first and second rjeckingaeeerr^ 

2. A completion apparatus accordfeg to claim 1. 
wherein the preeaurtoattan aaeembly (206) com- 

M prises a port (256a,256b) opening to an annuJus 
(1 46) defined by me pieeaurfcation aeeerntxy (206). 
me Bner(122), ttoflrstpactongaaaerr^ 
the second packing aaeembV (204). 

m ». A ©orre^etion apparatua ojxxx^ 

ther cornprtsing a fluid bypasa device operatlvety 
coupled wtti the port (256*256b) lor notaiowing 
fluid communication wHh the annulua (1 48) in a first 
rnode of operation, and tor aJlowtog hyoVaullc pres- 

40 •urization of the annulus (1 46) in a second mode of 
operation. 

4, A completion apparatua accorolng to deJm 3, 
whereto me preeeurfaatlen aaeembly (206) conv 
48 prfeeeaeecorxJ port (264a^64b)endeseeilnfl sub 
(2S4) operative* coupled wth the second port 
(264a£B4b) tor relieving pressure In the erwutus 
(146) wrien the fret arxJeecondpac*^ 
(202.204) are sealed against the Oner (122). 

so 

6. A completion apparatua according to dalm 3 or 4. 
wherein the hydraulic pressuriiatlon of me annulus 
(146) causes a portion of the liner (122) between 
me first packing assembly (202) end me second 
55 packing assembly (204) to oeform in a radiaty out- 
ward direction. 

6. A completion apparatus according to claim 3, 4 or 
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5. wherein me fluid bypass device oonprises a rup- 
ture disk (262a 262b) 

A completion apparatus according to any preceding 
claim, wherein the liner (122) is adapted tobedte- 
poeed within a junction (100) between a main weft- 
bore (102) and a lateral weftxxe (104) in a muttitat- 



AmethodaccordingtoclBirn13or 14, wherein tie 
first and second packing assemblies 



a. A completion apparatus according to any preceding 
claim, wherein the first and second packing assem- 
blies (202,204) comprise seal assemblies that mala 
with pottshed bore receptacles (144) located in the 
Nner(122). 

a. Aoonpletion apparatus attcordta to 

daJm. where* the first end second packing assenv 
bties (202»204) comprise packers. 

10. A coiTpletfon apparatus arxo^ 
daim. wherein at toast a portion of the frier (122) 
has grooved internal and external surfaces. 

11. Aconpletion apparatus aceoidi^ 

data, wherein at leaet a portion of the finer (122) 
has an interior cross-section madetrom a generafly 
non-euj»tomeric material, and an exterior cross- 
section made from a generally elastomer* material. 

12. A completion apparatus according to any preceding 
daim. wherein the weibore is a lateral wefeore 
(104). 

13. Amef^ofeompWhoawe*^ 

steps of: dsposingalns<(122)inswe4l)ore;cou- 
ptog e first packing assembly (202), a preseurtza- 
tion assembly (206), and a second packing assem- 
bly (204) to a work string (128); running the work 
string (1 28) into the liner (1 22); creating a fluid tight 
seal between me first packing assembly (202) and 
the iner (122): creating a fluid tight seal between 
the second packing assembly (204) and tha finer 
(122); pumping fluid down the work string to the 
preesudzatton assembly (206); utilizing *e pree- 
surtzation assembly (206) and the fluid to pressu- 
rlze an annulue (146) defined by the preeeurtzation 
assembly (206). the Iner (1 22). the first packing as- 
sembly (202), and the second packing assembly 
(204); and Increasing a pressure in the annulus 
(146) so as to deform tha Bner (122) in a racially 
outward direction. 

14. A method according to daim 1 3. wherein the utiliz- 
ing step comprises actuating a fluid bypass device 
in the praasuriration assembly (206) to provide a 
fluid communicating path between an interior of the 
pressurtzatton assembly (206) and the annulus 
(146). 



15. 



bore receptacles (144) located m the finer (122). 

5 

16. A method sccordir^ to daim ^ 

the first and second packing assemblies (202,204) 

comprise packers. 

to 17. A method according to daim 13. 14. 15 or 16. 
where* at least a portion of tha Iner (122) has 
grooved Wemal and external surfaces. 

1& Amethodsocordhgtosriyo^ 
f* further comprising tha step of flutty 
wot*etn*g(l2B)pioja^ 

Wy(202). 



so 



10. A method according to any one of claims 13 lo 18, 
where* tie step of deposing tie Iner {\2Qeom. 

string (128); and running the work string (128) into 
thai 



20. Amethodaeoordingtociaim19, further oompristig 
the step of deposing a sealant (124) In a second 
annulue defined by the liner (1 22) and the welbore. 

21. Ametrwdaoitordlrtgtoda^ 
dis|Msingaeatam(124)cornpftaM 
tvoughtheworkstring{l2eXtheeecw^ 
assent (2M). the pressurtzationassemb^ 
theAr*packtogasserr*ry(^ 

and into the second anmrtus. 

22. Amethodsccorolngtoaryonaofdai^ 
wherein at least a portion of the Iner (122) haaan 
tterior cross^soction made from a generaty non- 



t a genera* etestomerte material 



23. Amathodarxrjrdingtoanycoad 
wtieretnmedisposlrtgstepoDm^ 

mar (122) * a Junction (100) between a main we*- 
45 bore (102) and a lateral wottoora (104). 

24. Ametriodsocordfigtodaim 

nng step comprises running the work string (128) 
into the liner (122) until the first packing assembly 
60 (202) is disposed alter the junction (100) and tie 
second packing assembly (204) is cSsposed before 
the junction (100). 

26. A method of completing a weltoore. comprising the 
s$ steps of: deposings liner (602) in a welbore, He 
Iner (602) having a first sedton (604) and a second 
section (606), the first section (604) being deform- 
able in a radialy outward direction at a lower pres- 
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sure than tho second section (606); coupling a 
packing assembly (600) to a work string (128); run- 
ning the work string (128) into the liner (128); cre- 
athg a fluid tight seal between ths packing assem- 
bly arid the frier (602); pumplrxj fluid down the work 
string (128) to pressurize an interior ol the Rner 
(602) after the packing assembly (600); and in- 
cr sating a pressure in the Interior of the liner (602) 
eo as to deform tie first section (604) of the Hner 
(602) in a radially outward direction. 

26. A method according to claim 25, wharein the first 
section (604) and the second section (604) are 
made from an identical casing grade, and the first 
section (604) has a amaler wail thickness than ths 
second section. 

27. A method according to claim 25. wherein the first 
•action and tie second section (604.606) have an 
identical wall tMcknees. the first section (604) Is 
madefrom a first casing grade, arid th^ second sec- 
tion (606) Is niao> from a second casing gr^ 

Ing a yield strength higher than the first casing 
grade. 

28. A method accorrjng to claim 25. wherein: the first 
taction (604) Is made from a first caslrig grade and 
has a first waft thickness; and the second section 
(606) is made from a second casing grade having 
a higher yield strength man the first caslr* grade, 
and the second section (606) has a second wall 
thickness greater *an the first wal Mckness. 

281 A mei^ accords* to any ortedcW^ 

wherein the packbg assembly (600) comprises a 
seal assembly that mates wtth a poftshed bore re- 
ceptacle (610) located In the finer (600). 

3a AmetKxjaccordir^toanyoneolctairro 

wherein the packing assembly (602) comprises a 
packer. 

31. A method according to any one of claims 25 to 30, 
wherein at least a portion of the first section (604) 
c* IT* liner (602) has grooved 

surfaces. 

32. A method acooidlng to anyone*^ 

wherein the step of disposing the liner (602) com- 
prises: coupling the liner (602) to an end of the work 
string (128); and running the work string (128) into 
the weilbore. 

33. A method according to any one of claims 25 to 32. 
further comprising the step of disposing a sealant 
(1 24) in an annukis defined by the Iher (602) and 
the weHbore. 



34. A method according to claim 33, wherein the step 
of Disposing sealant (1 24) cornpriees purnping seal- 
ant through the work string (128), the packing as- 
sembly (600), and the sner (602). and into the an- 

5 nulus. 

35. A method accc^tfing to any one of daims 25 to 34, 
wherein the first section (604) has an interior cross- 
section made f rom a generally non^lastomericma. 

10 teriat and an exterior cross-section made from a 
generaly etasiomenc material. 

36. AmethodacconJngtoartyoneofdaJr^ 
wt*eresnthec8sposingstapcom^ 

i$ iner (602) In a Junction (102) between a main wall- 
bore (102) and a lateral weteore (104) so ttwt the 
first section (604) extendi iriroupM* t* junefion 
(100). 

20 37. A method according to claim 36, whereto tfie run- 
ning step comprises running the work string (128) 
Mo the liner (602) unti the pacfci^ assembly (600) 
is disposed before the junction (600). 
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